Abstract. The method of obtaining the maximum value of static deflection based on least square method curve fitting is introduced which is more accurate than the direct measurement data. The static deflection measurement data of the pump rotor were simulated using a simply supported beam as an example by adding errors in the data. The accuracy and rationality of cubic spline fitting and polynomial fitting in static deflection measurement were compared. The error might increase by using the cubic spline fitting when there are measurement errors. The error of static maximum deflection value after polynomial fitting is reduced to 27.8% of the direct measurement error, and the accuracy is better than that of the nearest measured point data instead of the static maximum deflection. The finite element simulation of pump rotor is carried out by using ANSYS in this paper to verify the feasibility.
Introduction
In modern industrial production, pumps are often used by many manufacturers. Therefore, the performance parameters of the water pump is particularly important, and static deflection is one of them. Usually field measurement method is adopted. First, the diameter of each part of the rotor is measured by a micrometer. And second, the rotor is supported on both sides by V frame of the standard test stand. The height of each measuring point of the pump rotor is measured by a high vernier caliper. Finally, the deflection value is obtained by converting the height value into a value to the axis and then subtracting the radial value of the rotor [1] . In another tradition measurement method, the rotor placed on a horizontal support and the V frame on both sides must have the function of fine tuning. Its mechanical structure can be referred to reference [2, 3] .
The maximum value of the static deflection almost does not appear in the position of the measuring point where the instrument is installed, so measurement errors may be introduced by above measurement method. In order to achieve higher measurement accuracy, a high-precision digital micrometer is used in the measurement process. In data processing, the direct measuring value is compared with that by the curve fitting method, and the spline fitting and polynomial fitting are also discussed in the paper.
The pump rotor mainly consists of pump shaft, impeller, shaft sleeve and shaft coupling. The center of gravity of a rotor and the location of the static maximum deflection is changed with the number of impeller and installation position [4] . The static deflection of a pump rotor is the displacement of the points on its axis when the deformation occurs under its own gravity.
Selection and Installation of Measuring Instruments
The correct installation of measuring instrument has a great influence on the measurement error of the system. When measuring the static deflection, the measuring point should be vertical above the central axis of the pump rotor.
The measurement system is mainly composed of a control unit, a measurement unit and a drive unit. Two non-contact eddy current probes are used to measure the lifting height of each end of rotor. The rotor of the water pump is placed on the horizontal platform at first. A dial indicator is fixed on the special bracket and the contact point of which is at the blade ring according the measuring requirement. Both ends of the rotor are supported by a fine adjusting V frame. The pump rotor can be lifted at the same step height of 0.05mm until the rotor impeller is completely removed from the horizontal platform [5] .
Principle Analysis of Static Deflection Curve
In the measurement process, there are many factors that need to be considered. The model of pump rotor is simulated by ANSYS in the paper. The general trend of the bending deformation of the pump rotor model is obtained, and the deflections of the different measuring points can be simulated. The static maximum deflection can be compared by fitting curves and direct measurements [6] .
Finite Element Simulation of Pump Rotor ANSYS
The pump rotor model is established by ANSYS. The length of the pump shaft of the pump is 3.6m, the diameter of the pump shaft is 0.16m, the diameter of the impeller is 0.64m, and the diameter of the blade ring is 0.32m. There are 8 impellers on the pump rotor, and the distance between them is 0.15m. The two ends of the pump shaft are supported by a 0.3m wide V frame which is provided a contact relation with the rotor. The density of the material is 7850kg/m 3 , the elastic modulus is 2×10
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Pa and the poisson's ratio is 0.3. The system module is meshed after modeling and the finite element type is selected as 10node187. The constraint of the model is applied on the V frame and its radial restraint displacement is set to 0. The Standard Earth Gravity is selected as the gravity module, and the direction chosen is vertical down [7, 8] .
The deformation nephogram graph is shown in Figure 1 . The static deflection values are measured at 4 impeller blade rings and are listed in Table 1 in which there are the ending constraints. Because the pump rotor support points are set at a distance of 300mm to the ends, the starting point and the end point of the fitting curve is 300mm and 3300mm respectively. MATLAB is used for fitting curves and calculating the static maximum deflection, and the fitting curves by cubic spline and fourth order polynomial respectively are plotted in Figure 2 . The results show that the static maximum deflection of direct measurement, polynomial fitting, spline fitting results are -0.707mm, -0.721mm and -0.721mm, and the absolute error are 0.018mm, 0.004mm and 0.004mm respectively relative to the true value -0.725mm. Therefore, it can be concluded that the method of fitting the curve is more reasonable and accurate than the direct measurement method in the actual situation where the error is unavoidable.
Calculation of Theoretical Formula
Simple supported beam is an ideal structure to simulate the rotor. We have studied its mechanics and material characteristics, which can be used as a reference for the research of pump rotor. The theoretical formula for a simply supported beam is as follows:
where w1 and w2 represent the deflection formulas with x coordinates in the range of 0~a and a~l respectively, l is the length of the beam, a is the distance from the left fulcrum to the point where force F is applied, and b is the distance from the point where force F is applied to the right fulcrum, and the units of above quantities are m. Where F is the external force loaded on the beam, the unit is N, E is the elastic modulus of the material, the unit is Pa, and I is the moment of inertia, the unit is kg/m 3 . Set the fulcrum positions as 0 and 0.9m respectively, and there are 8 micrometer evenly placed on the beam. In order to simulate the measurement indicator, the uniform distribution random errors within ±0.005mm and ±0.020mm in both cases are added to each deflection value. The force F is applied at locations 450mm and 550mm respectively. The theoretical data and simulate measurement values are listed in Table 2 . 
Comparison and Analysis of Cubic Spline Fitting and Polynomial Fitting
Cubic spline and polynomial are used to fit the measured values listed in Table 2 , and the fitting curves are plotted as shown in Figure 3 and Figure 4 . The results of the calculations are listed in Table  3 . According to the results, the maximum deflection values by the polynomial fitting and cubic spline fitting have acceptable errors compared with the theoretical truth values when the measurement error is within ±0.005mm. But the errors of maximum deflection values by spline fitting become more larger when the measurement error is within ±0.020mm, while the errors by the polynomial fitting are still acceptable in this case. According to the law of physics, when the pump rotor produces static torsion measurement, there will be no inflection point on the deflection curve. Measurement errors are inevitable when measuring, so the spline fitting is not applicable and larger errors will be introduced. 
Experiments
The static deflection of the pump rotor is measured under laboratory conditions. The inclination of the rotor model is measured and adjusted with a leveler to ensure its levelness. The length of the rotor model is 2400mm. The point of force F is at 1000mm, and the dial gauges are arranged along length 300, 600, 800, 900, 1100, 1200, 1500, 1900mm. The supports are at 0 and 2400mm. The measured static deflection values are listed in Table 4 , and the maximum deflection values by the polynomial fitting of least square method is used to fit the data. The measured deflection value, the fitting curve and the static maximum deflection value are plotted in Figure 5 . From the measured data, we know that the static maximum deflection of the curve is occurred at 1036mm, and its value is -1.155mm. 
Summary
The deflection measurement of water pump rotor requires high accuracy, but the distribution of measuring point is difficult to predict the location of static maximum deflection. It is an effective method to improve the measurement accuracy by fitting the static maximum deflection scientifically and reasonably through the limited measuring points. ANSYS is used to simulate the pump rotor and the error of the static maximum deflection value by curve fitting method is only 0.004mm which meets the accuracy requirement of 0.01mm. It is also operable in the actual application measurement in the factory.
Using the curve fitting method, the fitting error instead of the maximum deflection is reduced to 22.2% of the direct measurement error, and the accuracy is better than that of the nearest measured point data instead of the static maximum deflection. It proves that the method of polynomial fitting curve for calculating static deflection of pump rotor has high rationality and accuracy through the comparison of the theoretical formula of simple supported beam, spline fitting and polynomial fitting.
